L ow back pain is the leading cause of disability according to the 2015 Burden of Disease Study, 1 and affects 9.4% of the global population. 2 Although a great proportion of individuals with acute low back pain improve considerably in the first 6 weeks, 3 there is evidence showing that estimates of rates of recurrence range widely from 15% to 84% within 1 year. [4] [5] [6] This large variation may be explained by how recurrence is defined, with only a few studies using standardized definitions of episodes of low back pain, including both onset and recovery. 7 Further, only a few studies have investigated predictors of recurrence. 5, 6 Most studies that investigated recurrence of low back pain have focused on participants with persistent pain, therefore unlikely to recover or have a recurrence. 8 There are few studies using inception cohorts to investigate recurrence of low back pain. 5, 6 Stanton et al reported recurrence rates of 24% and 33% (depending upon the analytic method used), 5 while Hancock et al reported rates ranging from 26% to 54%, depending on how recurrence was defined (episode of care or 12-month recall). 6 These 2 studies similarly found that only 1 factor, namely previous episodes of low back pain, was significantly associated with future recurrences. Other factors not showing an association included smoking, perceived global health, perceived risk of recurrence, red flags, physical activity, 5 and imaging findings. 6 Both studies used single items rather than a validated questionnaire to assess physical activity, so may have under-estimated the risk associated with physical activity. Moreover, other factors such as leg pain, pain and disability levels in the first 24 hours of the episode, use of medications, and anxiety have not yet been investigated. There is, therefore, a paucity of research in this area, leading to limited understanding of the risk factors for recurrence and the development of effective preventive management strategies for low back pain. [9] [10] [11] In the current inception cohort study we aimed to investigate the 1-year incidence of recurrence of low back pain in a large representative sample of patients who had recently recovered from an acute episode of low back pain presenting to primary care. We also investigated the risk factors associated with recurrences within 1 year, including novel factors not considered in previous studies.
Methods
This study is reported according to recommendations of the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement. 12 
Participants
This is an inception cohort study with a 1-year follow-up nested in the case-crossover study Triggers for Low Back Pain. 13 This study was approved by the Human Research Ethics Committee of The University of Sydney (protocol number 05-2011/13742), and obtained informed consent of participants. In brief, the Triggers study included 999 consecutive patients, aged ≥18 years, who presented to 1 of 300 primary care clinics (general practitioners, physical therapists, and chiropractors) in New South Wales, Australia, between October 2011 and November 2012, with a new episode of sudden onset low back pain. To be included, patients needed to have presented for care within 7 days from pain onset and report moderate pain intensity (item 7 of the 36-Item Short Form Survey [SF-36])) in the first 24 hours. 14 All patients were assessed within 7 days of seeking health care for low back pain. Low back pain was defined as a primary complaint of pain between the 12th rib and the buttock crease, with or without leg pain, causing the patient to seek health care or take medication. 15 Patients presenting with serious spinal pathology (eg, metastatic, inflammatory, or infective diseases of the spine) were excluded. In this inception cohort study, we only included patients who had recovered after an acute episode of low back pain (ie, within 6 weeks).
Predictors of Recurrence
A baseline assessment was conducted through telephone interviews. Factors related to participants' socio-demographics (age, gender, body mass index), current history (duration of episode, days to seek care, number of previous episodes, pain intensity, interference with function, pain beyond knee), general health (use of medications, physical activity level), work status (in paid employment, compensable case), and presence of yellow flags (depression, tension/anxiety) were collected. These variables, chosen a priori, have been associated with poorer prognosis, [16] [17] [18] and were included in this study as putative predictors of recurrence of low back pain. We hypothesized that older age, female gender, higher body mass index, greater number of previous episodes, greater duration of current episode, greater days to seek care, higher pain and/or disability, presence of pain beyond knee, lower habitual physical activity, higher depression/tension/anxiety, being out of work, and presence of compensation would be associated with worse prognosis.
Given most participants in our study have reported previous episodes of low back pain, we decided to use the median number of previous episodes as a cut-off to define previous low back pain history (≥3 episodes) and little or no history (<3 episodes). This approach has been used in previous studies investigating history of low back pain as a predictor of outcomes. 19, 20 Low back pain intensity was assessed using a numeric rating scale (range = 0-10), and through modification of item 7 from the SF-36 questionnaire: "How much back pain have you had during the first 24 hours of this episode?" Interference with function was similarly measured using a modification of item 8 from the SF-36 questionnaire: "During the first 24 hours of this episode how much did back pain interfere with your normal work?" 14 Habitual physical activity was assessed using the The Active Australia Survey, which estimates the amount of light, moderate, and vigorous physical activity in the week before pain onset. 21 The proportion of people doing "sufficient" activity was calculated, defined as a minimum of 150 minutes (sum of time spent walking plus time spent in moderate and vigorous activity [weighted by 2]) and 5 sessions of activity per week. We used items 13 and 14 of the Orebro Musculoskeletal Pain Questionnaire to evaluate anxiety ("How tense or anxious have you felt in the past week?") and depression ("How much have you been bothered by feeling depressed in the past week?"), respectively. 22 Medication use was assessed by asking participants whether they were taking any medications during the current episode of low back pain. Work status was simply measured by asking participants if they were in paid employment. Table 1 shows previously investigated factors associated with recurrence in other studies, 5, 6 and those included in our analysis.
Outcome Measures
The primary outcome for the study was recurrence of low back pain. Our primary definition of recurrence was an episode of low back pain that was still present 24 hours after the onset of symptoms, of at least mild pain intensity, 23 and followed a period of at least 30 days pain free (pain intensity 0 or 1). 15 Trained research assistants made a clear distinction between pain that was still present 24 hours after the onset of low back pain (which was our outcome) and pain that lasted continuously for 24 hours. These data were obtained at 1-year follow-up interviews conducted via telephone, and participants responded whether they had recovered from the original episode of low back pain. If participants had recovered, we then asked how long they took to recover, and from this we calculated the duration of the episode for each participant. Thereafter, participants were asked whether they had experienced a recurrent episode, based on the above definitions. Our secondary definition of recurrence required participants to also seek care for their new episode of low back pain. We also asked about the intensity of pain and interference with function associated with the recurrent episode, based on modified questions from the SF-36 questionnaire. 14 
Statistical Analysis
We calculated the 1-year incidence of recurrence of low back pain as the proportion of participants who reported recurrence divided by the total number of people who had recovered within 6 weeks. Descriptive statistics were used to report the characteristics of participants, including means and standard deviations (SD) for continuous variables, and frequencies and proportions for categorical variables.
Univariate regression analyses were used to select putative factors with a P ≤ .2 to enter into a multivariable regression analysis in a single step. Multivariable logistic regression analysis was conducted for our main definition of recurrence and used to identify associations between baseline characteristics of participants and recurrence of low back pain within 1-year follow up. In a sensitivity analysis, we used our second definition of recurrence (episode of care) as the outcome. STATA 13 (Stata Corp LP, College Station, Texas) was used for all analyses.
Results
Of the 999 participants presenting to primary care clinics for an acute episode of low back pain, 832 were successfully contacted at 1-year follow up. Reasons for loss to follow-up include participants refusing to participate or unavailable to answer the telephone. Within 1 year, 469 participants had recovered from the original episode within 6 weeks and comprised our sample (Fig.) . The mean age of those who recovered was 45.8 (SD = 13.3) years, and 57% were men. See Table 2 for other baseline characteristics of participants. The incidence of recurrence after an acute episode of low back pain based on 12-month recall was 33% (n = 157). Most participants reported having at least moderate pain intensity for the recurrent episode (n = 92, 60%), and nearly half (n = 74, 47%) had moderate to extreme interference with function. For our second definition, where participants were required to have sought care for their new episode, the 1-year incidence of recurrence of low back pain was 18% (n = 83).
Five factors (duration of episode, pain intensity, previous episodes of low back pain, depression, and physical activity) showed associations (P ≤ .2) in the univariate regression analyses (eAppendix, available at academic.oup.com/ptj) and were entered into our multivariable regression model. The results of our multivariable regression analysis showed that only 1 factor, multiple previous episodes of low back pain (≥3 previous episodes), was associated with a recurrence within 1 year. Using this definition of recurrence, participants who reported 3 or more previous episodes of low back pain had 3.18 times (95% CI = 2.11-4.78; P < .001) the odds of having a recurrence than those who reported less than 3 previous episodes. Nearly half (105/224, 47%) of those with multiple previous episodes of low back pain had a recurrence. No other factors were associated with recurrences. Table 3 shows odds ratios and P values for the variables that entered into our multivariable regression analysis.
In our sensitivity analysis, where the outcome was recurrence and care seeking, we found that multiple previous episodes of low back pain (≥3 episodes) remained strongly associated with future recurrences (OR = 2.87, 95% CI = 1.73-4.78; P < .001). One-quarter of participants (57/223, 25%) reporting more than 2 previous episodes of low back pain had a recurrence associated with care seeking. No other factors were associated with recurrences that required care seeking in our sensitivity analysis (Tab. 3). A post hoc analysis comparing any prior history of low back pain with no prior history revealed similar results. Having any prior history of low back pain more than tripled the odds of recurrence (OR = 3.45, 95% CI = 1.90-6.23; P < .001). Similarly, when we used care seeking as the definition of recurrence, any prior history of low back pain was also associated with future recurrences (OR = 2.29, 95% CI = 1.12-4.65; P < .001).
Discussion
Our inception cohort study revealed that 33% of participants had a recurrence after an acute episode of low back pain, and about half of those sought care. Although we investigated other factors not included in previous studies, we confirm that only 1 factorhaving multiple previous episodes of low back pain-was associated with future recurrences. This factor remained associated with recurrence of low back pain when we used a second, and stricter, definition of recurrence, where participants needed to also seek care for the new episode.
Our study included a large sample (n = 469) of patients seeking primary care clinics for a sudden onset of low back pain who recovered within 6 weeks. We used an inception cohort study design with minimal loss to follow-up (83% response rate), where participants were included within 1 week of the onset of the original episode of low back pain. Moreover, a range of factors not previously investigated were chosen a priori as putative risk factors for recurrence of low back pain, including factors related to sociodemographics, current history, general health, work status, and presence of yellow flags. We have also used previously recommended definitions of episodes of pain, for both recovery and recurrence of low back pain. Recovery was defined as experience of a period of at least 1 month without low back pain (pain intensity 0 or 1, on an 11-point scale), 15 while a recurrent episode consisted of a new episode of at least mild intensity that lasted more than 24 hours. 23 Given previous research has shown that individuals who seek care because of low back pain are those with higher levels of disability and pain intensity, 24 we used a second, and stricter, definition of recurrence, including only those who sought care for the recurrent episode.
Figure.
Flowchart of study participants.
A limitation of this study is the reliance on recall, as participants were asked to report recovery and recurrence information 1 year after the original episode of low back pain. Memory of painful events, such as an episode of low back pain, may be distorted by time. Some studies have reported that low back pain episodes tend to be underreported as the recall period increases, 25, 26 while others have found that pain episodes are often overestimated. 22, [27] [28] [29] Therefore, it is uncertain whether the dates reported by study participants were accurate and truly reflected the duration of the episode of low back pain. However, it seems that patients experiencing recurrent low back pain tend to have greater recall accuracy compared with patients with chronic pain. 30 Despite our attempt to include different putative predictors of recurrence, other relevant factors not included in our study might have contributed to the onset of the recurrent episode. Previous studies investigating recurrence of low back pain have either failed to include habitual physical activity as a putative predictor, 6 or have only included a single item to assess physical activity ("Do you participate in at least 30 minutes of moderate intensity physical activity each day?"). 5 Although we used a validated questionnaire to assess the level of habitual physical activity of participants at baseline, 21 this factor was not associated with future recurrences of low back pain. We acknowledge, however, that self-reported measures of physical activity participation tend to yield overestimated results, and suggest, therefore, that future studies measure physical activity using accelerometers. To ensure the baseline interview was feasible and the duration of the interview acceptable to participants, we only included single questions (depression and anxiety) from the Orebro Musculoskeletal Pain Questionnaire rather than administering the entire questionnaire. Therefore, in our regression model we used the responses to a subset of questions rather than the entire questionnaire as 1 possible predictor of recurrence.
Another limitation of our study is the lack of data on the type of interventions participants received during the course of the low back pain episode, and whether this may have influenced our results. Further, our sample may not represent the general population, given we only included people who sought care for the original episode of low back pain. Although recruiting clinicians indicated whether patients presented radiating pain below the knee, we did not assess for signs of nerve root compression, such as by testing lower limb reflexes, muscle function, or using the straight leg raise test. Therefore, these data were not available to be included in our analysis as potential predictors of recurrence.
Most studies investigating the incidence of recurrence of low back pain have not used standardized definitions of episodes as suggested by de Vet et al. 15 Recurrence rates are highly reliant on how recovery and recurrence are defined, and as a result these studies have reported a wide range of incidence estimates. 4, 5 For instance, the incidence of recurrence for an episode of work absence (10%) is usually much lower compared with estimates for an episode of pain. 31 Another explanation for the high variability is the calculation of estimates of recurrence based on the total sample rather than using only those who recovered from the original episode, and thus were eligible for recurrence. Stanton et al have used previously recommended definitions of episodes of low back pain and have included only participants who recovered within 6 weeks from the original episode, reporting recurrence rates similar to ours, ranging from 24% to 33%. 5 Another recent study, however, reported higher recurrence rates for an episode of pain (54%) and for an episode of care (26%) compared with ours (33% and 18%, respectively). 6 We recommend future studies investigating recurrence of low back pain use a large inception cohort of participants recovered following an acute episode of low back pain, and use previously proposed definitions of episodes of low back pain, including onset, recovery, and recurrence. 15, 23 Our multivariable regression analysis showed results similar to those found in a previous inception cohort study, 5 which also reported that previous history of low back pain (dichotomized yes/ no variable) was consistently predictive of recurrence of low back pain within 1 year (OR = 1.8, 95% CI = 1.0-3.2). Another cohort study using similar methodology has also revealed that previous episodes of low back pain (continuous variable) was the only significant factor associated with future recurrences (hazard ratio = 1.04, 95% CI = 1.02-1.07). 6 Although we investigated various other factors not included in these 2 studies, we confirm that the only factor consistently associated with future recurrences was multiple previous episodes of low back pain. Hancock et al also used a similar definition of recurrence related to an episode of care, though no estimates were reported due to limited number of events. 6 Thus, to date previous episodes of low back pain is the only known factor associated with recurrence of low back pain. This is an important factor, given the strong association with cases of health care utilization, which are usually the ones likely to be more disabling and account for the major burden of the condition. 32, 33 Other factors investigated in our study, but with no significant association with future recurrences, included duration of the episode, pain intensity, and depression.
In conclusion, our results revealed that about one-third of patients who recover from an acute episode of low back pain will have a recurrence within 1 year, with half of those requiring further care. Having 3 or more episodes of low back pain triples the odds of having a recurrence within 1 year. Further research is required in this field, with a particular focus on including potential predictors of recurrence not investigated in our study, such as objective measures of physical activity participation.
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